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PROBLEM TO BE SOLVED: To provide a transmission reflector, a transmission and 
reflection type polarizing plate.and a transmission and a reflection type liquid crystal 
display device, using these plates such that the transmission and reflection performance 
and the diffusing function in the front face direction of the transmission reflector having a 
rugged surface are optimized with proper balance, that when these plates are attached to 
a transmission and reflection type liquid crystal display device, superior brightness and 
visibility in the front face direction are obtained for both of the transmission mode and 
reflection mode. 

SOLUTION: (1) The transmission reflector is obtained by forming a resin layer on a 
rugged face in the opposite side to the observer's side of a planar member having the 
following properties. The planar member has a rugged surface and shows 100% sum of 
the transmittance for the light through the rugged face side and the reflectance for the light 
from the opposite face side. (2) The transmission and reflection type polarizing plate has a 
polarizing plate, disposed on the opposite side to the rugged face, where the resin layer is 
formed of the transmission reflector described in (1). (3) The transmission and reflection 
type liquid crystal display device is manufactured, by disposing the transmission reflector 
described in (1) or the transmission and reflection type polarizing plate described in (2) 
between the light exiting face of a back illumination type source unit and the liquid crystal 
display part with the rugged face of the plate, the resin layer is formed facing the light 
exiting face of the back illumination type light source unit. 
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Specification 

[Title of the invention] 

Optical component having a reflecting function and a transmitting function 
[Abstract] 

[Purpose] The purpose of the present invention is to provide a transmitting reflector and a 
transmitting reflective polarizing plate with high brightness and high viewability from the 
forward direction for either transmission type or reflection type viewing when well-balanced 
optimization is provided for light transmitted, and reflection and diffusion of light in the forward 
direction of a transmitting reflector having a rough surface and a transmission reflection type 
liquid crystal display device utilizing same. 

[Means of solution] (1) A transmitting reflector provided with a resin layer on a surface with 
peaks and valleys on the side opposite from the viewer of a planar component having a surface 
with peaks and valleys and the sum of the light transmittance at the surface with peaks and 
valleys and the reflectance of light from the opposite side is greater than 1 00%. 

(2) A transmitting reflective type polarizing plate characterized by the fact that a polarizing plate 
is arranged on the transmitting reflector described in (1) above at the surface opposite from the 
surface with peaks and valleys provided with the resin lay er 

(3) A transmitting reflective type liquid crystal display device characterized by the fact that the 
transmitting reflector described in (1) above or the transmitting reflective polarizing plate 
described in (2) above is arranged between the light transmitting surface and the liquid crystal 
display member of backlighted type display unit with the surface having peaks and valleys 
provided with the resin layer arranged facing in the direction of the light transmitting surface of 
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the backlighting type light source unit. 
1 





Key: 

1 : Viewer 

2: Reflecting condition 
3: Light guide plate side - 
4: Transmitting condition 

[Claims of the invention] 

[Claim 1] A transmitting reflector provided with a resin layer on a surface having peaks and 

valleys on the side opposite from the viewing side of a planar component having a surface with 

peaks and valleys and the sum of the light transmittance at the surface having peaks and valleys 

and the reflectance of light from the opposite side is greater than 100%. 

[Claim 2] nThe transmitting reflector described in claim 1 characterized by the fact that the 

aforementioned surface having peaks and valleys has retroreflectivity. 

[Claim 3] The transmitting reflector described in claim 1 or 2 in which the resin layer has 
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peaks and valleys and the cross-section of the valley has curvature forming an arc or bow or 
meniscus, and the thickness at the valley of the resin layer is 2/3 or less the height of the peak for 
a cross-section of the surface having peaks and valleys. 

[Claim 4] A transmitting reflective polarizing plate characterized by the fact that a polarizing 

plate is arranged on the transmitting reflector described in one of claims 1 to 3 at the surface 

opposite from the surface having the peaks and valleys provided with the resin layer. 

[Claim 5] A transmitting reflective type liquid crystal display device characterized by the 

fact that the transmitting reflector described in one of claims 1 to 3 or the transmitting reflective 

polarizing plate described in claim 4 is arranged between the light transmitting surface and liquid 

crystal display member of backlighting type light source unit as the surface having peaks and 

valleys provided with the resin layer arranged facing in the direction of the light transmitting 

surface of the backlighting type light source unit. 

[Detailed description of the invention] 

[0001] 

[Technical field of the invention] The present invention pertains to a transmitting reflector and 
transmitting reflective polarizing plate capable of achieving high transmission and reflection, and 
a transmission reflection type liquid crystal display device utilizing same. 
[0002] 

[Prior art] In recent years, liquid crystal display devices are widely used in a variety of fields 
such as electronic notebooks, portable information terminals, amusement machines, and cell 
phones in addition to notebook type work processors and personal computers. Among those 
types of portable equipment, semi-transmitting reflective type liquid crystal display devices i 
widely used. The semi-transmitting reflective type liquid crystal display devices are used ; 
reflective type displays that utilize natural light or room light during daylight hours (hereinafter 
referred to as reflective state) and work as transmitting type displays that utilize backlighting at 
night or in the dark (hereinafter referred to as transmitting state). For semi-transmitting 
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reflective type liquid crystal display device, those having a structure comprising a first polarizing 
plate/liquid crystal cell (TN cell, STN cell)/second polarizing plate/semi-transmitting 
reflector/backlighting unit are known. 

[0003] For the semi-transmitting reflector used for the aforementioned display devices, a device 
is known that has a reflection function and a transmission function achieved when inorganic 
particles such as pearl mica, which has high refractive index, are dispersed in a matrix and light 
is reflected by the aforementioned particles to form a reflection state, and light is transmitted 
between the aforementioned particles to provide a transmission state. For example, a 
transmitting reflector provided with a pattern where the light-reflecting member and light- 
transmitting member are arranged alternatingly is described in Japanese Kokai [Unexamined] 
Patent Application No. Sho 55-103583. As a different example, a semi-transmitting reflective 
type polarizing plate produced by dispersing transparent and/or semi-transparent particles such 
as aluminum oxide, titanium oxide, aluminum powder, tin powder, gold powder or silver powder 
in an adhesive material layer is disclosed in Japanese Kokai [Unexamined] Patent Application 
No. Sho 55-46707. Furthermore, a liquid crystal display device provided with a prism sheet 
facing the backlight side as in the case of the present invention and the backlight is transmitted at 
the apex of the prism is disclosed in Japanese Utility Model No. Hei 5-59404 and Japanese 
Kokai [Unexamined] Patent Application No. Hei 1 1-224058. 

[0004] Furthermore, a liquid crystal display device provided with a prism sheet facing the 
backlight side as in the case of the present invention and backlight is transmitted at the apex of 
the prism, the front face light is reflected inside the prism and transmission and reflection are 
achieved is disclosed in Japanese Kokai [Unexamined] Patent Application No. Hei 9-31 1332. 
[0005] 

[Problems to-be solved by the invention] However, in a system where the distribution of 
transmitted light and reflected light is achieved based on scattering by particles as described in 
Japanese Kokai [Unexamined] Patent Application No. Sho 55-103583 and Japanese Kokai 
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[Unexamined] Patent Application No. Sho 55-46707, the transmission performance and 
reflection performance are in an inverse relationship; thus, when the semi-transmitting reflector 
is mounted in a semi-transmitting reflection type liquid crystal display device and used, 
brightness or viewability are not necessarily satisfactory. Fig. 1 shows the principle of a semi- 
transmitting reflector of the prior art where inorganic particles with a high refractive index such 
as pearl mica or particles with high reflectivity such as a metal are dispersed in a matrix. The 
lower part of Fig. 1 corresponds to the rear face and the upper part corresponds to the viewing 
side. As shown in Fig. 1, in the semi-transmitting reflector of the prior art, a portion of the light 
from the rear face is reflected by the inorganic particles or metal particles and returns to the rear 
face; thus, only the light that leaks through the particles is used in the transmission state, and 
lighting efficiency is low and an increase in transmittance is not possible. In other words, in 
order to achieve high transmittance, the quantity of particles included is reduced, and as a result, 
reflectivity is reduced. On the other hand, an increase in the quantity of particles is required to 
increase the reflectivity, in which case, transmittance is reduced. Therefore, the sum of the 
transmittance and reflectance is less than 100% in the semi-transmitting reflector of the prior art. 
In addition, a backlighting system is commonly used to form a transmission reflection type 
display in liquid crystal display systems, such as TN and STN, but the light emitted from the 
light guide plate has a certain degree of directionality when the backlighting system is used, and 
use of light with high directionality is conceivable when external light is used as well. In the 
case of a light source with high directionality, brightness varies significantly between the display 
in the light exiting direction where the light intensity is high and the light exiting direction where 
light intensity is low; thus, the reduction in viewability is a problem. Therefore, in order to 
improve viewability through adjustment of directionality in transmission type and reflection type 
viewing, installation of a diffuser is required while retaining high transmission and reflection. A 
transmission type liquid crystal display device with increased backlighting efficiency is achieved 
when the flat surface of a prism sheet is arranged facing the viewer and the prism surface is 
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arranged facing the light guide plate, and refraction and reflection by the prism are utilized and"' 
the collected light is emitted from the light guide plate toward the viewer is described in 
Japanese Utility Model No. Hei 5-59404 and Japanese Kokai [Unexamined] Patent Application 
No. Hei 1 1-224058, but use of the device as a reflective display device where backlighting is not 
used but the light from the viewing side is used based on the total reflection of prism is absent, 
and furthermore, the design of a diffusion plate that modulates the directionality of the reflected 
light from the prism is not taken into consideration. 

[0006] Furthermore, a liquid crystal display device where the flat surface of a prism sheet faces 
the viewer and the prism surface of the prism sheet faces the rear is disclosed in Japanese Kokai 
[Unexamined] Patent Application No. Hei 9-3 1 1 332. In the aforementioned publication, light 
from the viewing side is reflected with angular selectivity based on total reflection by the prism 
and the light from the rear side of the liquid crystal reaches the viewer with angular selectivity. 
However, in the aforementioned publication, backlighting is not used and use of the external 
light with low directionality is taken into consideration; thus, when backlighting commonly used 
for semi-transmitting reflective type liquid crystal display devices is applied in the device of the 
aforementioned publication,' the backlighting with high directionality is strongly refracted in 
directions other than toward the front of the liquid crystal display device; thus, the brightness in 
the forward direction is reduced. Furthermore, the aforementioned publication is a display 
system based on a dispersed polymer type liquid crystal, and light scattering exists in the 
dispersed polymer type liquid crystal itself; thus, the diffusion function depends on light 
scattering based on the dispersed polymer type liquid crystal itself when external light with low 
directionality is used, and use of a diffusion plate is not mentioned. 
[0007] The purpose of the present invention is to provide a transmitting reflector and 
transmitting reflective polarization plate with high brightness and high viewability from the front 
under either transmission conditions or reflection conditions when optimization is provided for 
light transmission and reflection and diffusion of light in the forward direction of a transmitting 
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reflect having a surface with peaks and valleys, and a transmitting reflector type 
display device utilizing same. 
[0008] 

[Means ,o solve the preblem] As . result of much researoh by fc ^ 

an effort ,o eliminate the existing problems deseribed above, me inventors discovered that an 
optical device with high brightness and high viewability from the front could be produced under 
either transmission conditions or reflection conditions when a transmitting reflector provided 
with a resin layer on the surface having peaks and valleys opposite from the viewing side of a 
planar component with asurface having peaks and valleysand the sum of the light remittance 

a. the surface having peaks and vafleys and reflectance of light from me opposite side is greater 

than 100%; and, as a result, the present invention was accomplished. 

[0009] tn other words, the present invention offers features (1) to (3) below. 

(DA transmitting reflector provided win, a resin layer on a surface having peaks and valleys on 

me side opposite from the viewing side of a planar componen, having a surface with peaks and 

valleys and the sum of the light transmittance at ft. surface having the peaks and valleys and the 

reflectance of light from the opposite side is greater than 100%. 

(2) A transmitting reflective polarizing plate characterized by the fact mat a polarizing plate is 
arranged on the transmitting reflector described in the above-mentioned (1) at the surface 
opposite from the surface having the peaks and valleys provided with a resin layer. 

(3) A transmitting reflective type liquid crystel display device characterized by the fact that the 
transmitting reflector described in (!) above or the transmitting reflective polarizing plate 
described in the (2) above is arranged between the light exiting surface and the liquid crystal 
display member of the backlighting type light source uni, while the surface having peaks and 
valleys providedVifn a resin layer is arranged fccing in the direction of the ligh, exiting surface 
of the backlighting type light source unit. 
[0010] 
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[Embodiment of the invention] The present invention is explained in detail below. The optical 
component of the present invention is explained with reference to the drawings below but the 
present invention is not limited to the examples. 

[001 1] The present invention is explained in detail with an example using a prism sheet provided 
with a retroreflective surface with peaks and valleys having a cross-section shaped-like an 
isosceles right triangle on the surface. Fig. 2 is a cross-section view of the surface having peaks 
and valleys of the retroreflective sheet, and the bottom of the figure corresponds to the back side 
(backlight) of the liquid crystal display and the top corresponds to the viewing side. For the 
prism sheet with the aforementioned structure, a product known by the trade name M BEFII90/50 M 
of Minnesota Mining and Manufacturing (3M) Co. is commercially available. In Fig. 2, a beam 
of light from the back of the prism sheet (rear side) undergoes refraction and most of the light is 
transmitted as shown in (a). On the other hand, light that enters the prism surface at an angle 
greater than the critical angle determined by the refractive index of the material of the prism and 
the angle of the prism among the light that enters from the flat surface side without the prisms 
(viewing side) as shown in (b) undergoes total reflection, and when the reflected light is incident 
on the other prism surface at an angle greater than the critical angle, total reflection occurs a 
second time, and the beam of light is reflected and passes out of the prism sheet at the flat 
surface. Depending on the refractive index of the material used for the prism and direction of 
incident light, both reflections can be total reflections, and in this case, the reflectance can be 
increased significantly. Furthermore, the cross-section of the above-mentioned BEFII90/50 film 
has the shape of isosceles right triangles with apex angles of 90°; thus, the direction of the light 
entering in a plane that crosses a prism row and the direction of the reflected light are parallel 
and retroreflection occurs. Therefore, when the aforementioned surface having peaks and 
valleys is used, most of the light incident from the prism surface side undergoes refraction and 
exits the flat surface side of the film, and most of the light incident from the flat surface side is 
reflected toward the flat surface side as a result of retroreflection, thus, production of a 
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transmitting reflector having superior properties where the sum of the transmittance from the 
surface having peaks and valleys side (rear side) and the reflectance of light from the opposite 
side is greater than 1 00%. 

[0012] Furthermore, in the above-mentioned prism film, retroreflection does not occur when the 
apex is other than 90°, but an adjustment of the angle of the prism is made possible so that the 
total reflective condition can be achieved for light the incident from the smooth surface side, and 
an increase in reflectance is possible, and furthermore, an increase in light transmittance for light 
incident on the surface having peaks and valleys is made possible as well, and production of a 
transmitting reflector having the sum of reflectance and transmittance greater than 100% is made 
possible. The aforementioned transmitting reflector can be mounted onto a liquid crystal display 
device with backlighting to form a semi-transmitting reflector type liquid crystal display device, 
and high transmittance can be achieved when used under transmission conditions with dark 
surroundings and high reflectance can be achieved when used under reflection conditions with 
bright surroundings and an excellent transmission-reflection type liquid crystal display device 
can be produced. 

[0013] The same effect can be achieved through adjustment of the shape and refractive index of 
the material used when a shape other than a [triangular] prism sheet is used, for example, 
polygonal cones or cones are used. 

[0014] The term ,, retroreflection ,, is defined as a reflection where radiation is reflected back in 
the direction of incidence over a wide range of angles and returns toward the direction of 
incidence in the Optical Terminology Dictionary (Ohm Co.), but the retroreflection used in the 
present invention includes the retroreflection that occurs for light that enters from a specific 
plane alone, as well. Furthermore, in the present invention, it is regarded as retroreflection when 
the reflected ligjit returns in a direction that is essentially parallel to the incidence beam rather 
than complete return of the reflected light toward the direction of incidence. In order to achieve 
the aforementioned retroreflection under the narrow definition, it is essential for the apex angle 



KOKAI PATENT APPLICATION NO. 2001-350008 

to be 90° when a prism film is used, and when the reflected light returns in a direction that is 
essentially parallel to the direction of incidence, the apex may be approximately 90°. When a 
retroreflective prism is used for the surface having peaks and valleys, the light entering from the 
smooth surface side without the prisms undergoes retroreflection by the prisms; thus, it is 
reflected in the anti-parallel direction to the direction of incidence. Therefore, when the light 
enters from a direction near the forward direction of the film as shown in Fig. 2, the light is 
reflected toward the forward direction of the film, but when light enters from a direction other 
than forward direction of the film, the light is not reflected toward the forward direction of the 
film. In general, the direction of incidence of external light is 10° to 30° from the normal line to 
the display device under conditions where the semi-transmitting reflective type liquid crystal 
display is commonly used, thus, when the aforementioned transmitting reflector is mounted in a 
liquid crystal display device and used, an increase in brightness of the display device in the 
forward direction is not possible. 

[0015] In the present invention, a resin layer is formed on the rear side of the planar component 
having a surface with peaks and valleys; in other words, on the surface having peaks and valleys 
opposite from the viewing side. The resin layer is formed in the recessed members, namely, the 
valleys, of the surface having peaks and valleys with a shape such as that shown in Fig. 3, for 
example. The principle is not well understood, but the present inventors discovered that 
retroreflectivity of the prism film was reduced without sharply reducing the reflectivity, and that 
light coming from the upper direction in Fig. 3, that is, natural light and room light from the 
viewing side that enters from a direction other than normal to the film, was emitted at a direction 
close to the normal to the film as well when the resin layer was formed. Furthermore, as shown 
in Fig. 3, the backlight beam from the lower part (rear side) is refracted at the resin layer and 
prism surface-and is emitted in a direction close to the normal to the film. The trade-off 
relationship of transmittance and reflectance of the semi-transmitting reflector of the prior art 
where the total of transmittance and reflectance is less than 100% is eliminated, and a significant 
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state and the transmitting reflector is capable of emitting light in a direction close to the forward 
direction under either reflection conditions or transmission conditions. 
[0016] The planar component having a surface with peaks and valleys where the sum of light 
transmittance at the surface having peaks and valleys and reflectance of light from the opposite 
side is greater than 100% is explained in detail below, but needless to say, the present invention 
is not limited to the example. 

[0017] For the shape of the surface having peaks and valleys on the planar component used in 
the present invention, a regular cone, oblique cone, pyramid and oblique pyramid, wedge shape, 
convex polygon, hemisphere, etc. can be mentioned and one or more structures having these 
partial structures can be mentioned. Furthermore, hemispheres, in this case, are not necessarily 
limited to perfect spheres and ellipsoids or modified convex shapes may be used as well. 
Furthermore, prism shape, lenticular lens shape, or Fresnel lens shape where the ridge lines of 
nonuniform shape are extended to form a line can be mentioned. The slant face of the 
aforementioned ridge line to the trough line may be flat, curved or a combination of the two. For 
example of the shape of the prism used in this case, a prism film having the cross-section shape 
of an isosceles right triangle having an apex of 90°, a prism film having a cross-section with the 
shape of an isosceles right triangle having an apex of 80 to 1 10°C, a prism film having a curved 
cross-section, etc. can be mentioned. 

[0018] The height of the surface having peaks and valleys is not especially limited, and for 
example, approximately 10 jam to 1 mm is suitable when used for a liquid crystal display device 
from the standpoint of the panel dimensions. The structural cycle of the surface having peaks 
and valleys is not especially limited and for example, 1 ^im to 100 jxm, or 300 ^im to 1 mm is 
suitable when,u$ed for liquid crystal display device from the standpoint of prevention of moire 
and non-uniform luminance. 

[0019] As a method used for formation of the surface having peaks and valleys of the present 
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invention, for example, those listed below or other conventional methods may be used. 4. til 




1) A method where the inverse die of the target shape is formed on a roll or original plate and the 
shape is applied by embossing. 

2) A method where the inverse die of the target shape is formed on a roll or original plate, a 
thermosetting resin is filled in the negative, heated to cure and the inverse die is removed after 
curing. 

3) A method where the inverse die of the target shape is formed on a roll or original plate, and 
ultraviolet or electron beam curable resin is coated to fill the recesses, ultraviolet or an electron 
beam is applied through the resin solution as the recessed members of the die are being coated to 
form the transparent base material and the cured resin base material film is removed from the 
inverse die. 

4) A solvent casting method where the inverse die of the target shape is formed on a casting belt 
and the target shape is provided at the time of casting. 

5) A method where a light-curable or heat-curable resin is printed onto a transparent substrate, 
and light or heat is applied to form a cured pattern. 

6) A method where the surface is cut by cutting tools, etc. 

7) A method where particles with shapes such as spherical or polygonal are partially embedded 
in the surface of the substrate to provide a surface having peaks and valleys on the substrate. 

8) A method where a composition prepared by dispersing spherical or polygonal shaped particles 
in a small amount of binder coated onto the surface of the substrate to provide a surface having 
peaks and valleys on a substrate. 

9) A method where a binder is coated onto the surface of the substrate and particles with a 
variety of shapes, for example spherical particles, are scattered over the surface to provide a 
surface having: peaks and valleys on a substrate. 

[0020] The resin layer formed on the surface having peaks and valleys of the present invention is 
explained in detail below. As described above, the total reflection condition is determined 
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adjustment of the total reflection condition is made possible based on the refractive index of the 
resin layer formed on the surface having peaks and valleys. It is desirable when the refractive 
index of the resin layer formed on the surface having peaks and valleys and the refractive index 
of the material used for the surface having peaks and valleys is ±0.2 or less. For the type of resin 
layer formed on the surface having peaks and valleys of the present invention, thermoplastic 
resins, thermosetting resins, radiation-curable resins such as electron beam-curable resins, 
thermosetting resins, etc. can be mentioned. The aforementioned resins may be used 
independently or in combination. 

[0021] For examples of thermoplastic resins that satisfy the above-mentioned refractive index 
conditions, resins such as polymethyl methacrylate, polycarbonate, polystyrene, polyvinyl 
alcohol, polyvinyl butyral, polyethylene terephthalate, polysulfone, polyallylate, polyether 
sulfone, ethyl cellulose, methyl cellulose, nitrocellulose, cellulose diacetate and cellulose 
triacetate, thermoplastic resins with low photoelastic factors known by trade names such as 
Arton, Xeonex and Xeonol, etc. can be mentioned, and for radiation curable resins and 
thermosetting resins, urethane acrylate resins, epoxy acrylate resins, urethane methacrylate 
resins, epoxy methacrylate resins, acrylic resins, epoxy resins, polyester resins, urethane resins, 
alkyd resins, etc. can be mentioned, 
k [0022] As for the formation method of the resin layer, a conventional method, for example, a 

jv 

P method where the resin is dissolved in a solvent and coated onto a surface having peaks and 

R . 

valleys, a method where the resin is heated to a temperature above the softening point of the 

i 

}'• resin and formed on a surface having peaks and valleys, etc. can be mentioned when a 

*r thermoplasticifesin is used. Furthermore, a method where the resin is coated directly onto the 

surface having peaks and valleys, a method where the resin is diluted with a solvent and coated 
directly onto the surface having peaks and valleys, etc. can be mentioned when a thermosetting 
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[0023] The shape of the resin layer formed on the surface having peaks and valleys varies 
depending on the viscosity of the resin, interfacial tension between the resin and prism, gravity, 
and, when coated as a solution, the concentration in the solvent, drying rate of the solvent, and 
when a thermosetting resin is used, shrinkage factor at the time of curing, etc., and formation of 
the resin layer is achieved upon adjustment of the aforementioned parameters to form a desired 
shape, and it is desirable when the cross-section has a curved surface that forms an arc, bow, or 
meniscus. Furthermore, it is desirable when the resin layer with the greatest thickness formed at 
the valley of the peaks and valleys, that is, the thickness of the valley of the resin layer is 2/3 or 
less the height of the peak member for the cross-section of the surface having peaks and valleys. 
Furthermore, the resin layer may cover all the way up to the peaks of the surface having peaks 
and valleys or just the recessed area as shown in Fig. 3. 

[0024] The shape and arrangement of the peaks and valleys of the component having surface 
having peaks and valleys and the shape of resin layer, etc. are determined upon taking light 
transmittance and direction of transmittance from the rear into consideration when backlighting 
is used and light reflection efficiency, direction of reflection, and diffusion, etc. on the reflective 
type display from the viewing side when backlighting is not used. 

[0025] The transmitting reflector of the present invention is arranged between the polarizing 
plate underneath the liquid crystal cell and light guide plate with the surface having peaks and 
valleys facing the light guide plate. A diffusion film, etc. may be arranged between the 
transmitting reflector of the present invention and light guide plate having the aforementioned 
arrangement, or the transmitting reflector of the present invention may be directly arranged on 
the light guide plate. Furthermore, diffusion film, diffusion adhesive, etc. may be arranged 
between the transmitting reflector and polarizing plate as well. Furthermore, when the rough 
shape is accompanied with shape anisotropy as in the case of prism film, it is necessary to 
arrange taking factors such as the shape of the light guide plate, direction of external light source 
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determined by the application of the liquid crystal display device, and direction of the polarizing 
axis of the lower polarizing plate and shape anisotropy into account. The transmitting reflector 
of the present invention is arranged directly or via an air layer on the glass of the liquid crystal 
cell or light guide plate or bonded with a conventional acrylic type adhesive, etc. 
[0026] Furthermore, in a transmitting reflector type polarizing plate where a polarizing plate is 
arranged on the transmitting reflector of the present invention at the side opposite from the 
surface having peaks and valleys, the transmitting reflector of the present invention is arranged 
directly or via an air layer on the polarizing plate or bonded with a conventional acrylic type 
adhesive, etc. to form a transmitting reflector type polarizing plate suitable for a TN type or STN 
type transmission reflection type liquid crystal display device. Furthermore, when the 
aforementioned transmitting reflector type polarizing plate is mounted in a liquid crystal display 
device with the aforementioned arrangement, a transmission reflection type liquid crystal display 
device with high viewability .can be produced. 
[0027] 

[Effect of the invention] The transmitting reflector and transmitting reflector type polarizing 
plate of the present invention and transmission reflection type liquid crystal display device 
utilizing the same has higher brightness and higher viewability when used as reflective type 
display device than conventional liquid crystal display devices. Furthermore, when used as 
transmission type device, higher light transmission and brightness of the display are made 
possible, and when used for portable equipment run by batteries, long-term usage is made 
possible. 
[0028] 

[Working Examples] The present invention is explained in further detail with the working 
examples below, but the present invention is not limited to working examples shown. 
Furthermore, the transmittance and reflectance of light in the present invention are defined as the 
total light transmission factor and total light reflection factor measured according to the 
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specification JIS K-7105 after laminating the transmitting reflector and a polarizing plate [SQ- 
1852A: product of Sumitomo Chemical Co., (Ltd.)] and the arrangement is such that the 
polarizing plate faces the integrating sphere at all times. Approximately 50% of light is absorbed 
by the polarizing plate, thus, the maximum value for the total light transmission factor and total 
light reflection factor, individually, is approximately 50%. Thus, when the sum of the 
transmittance and reflectance exceeds 50%, the total value of the transmittance and reflectance 
for natural light exceeds 100% when light absorption by the polarizing plate is taken into 
consideration. The transmitting reflector of the present invention was arranged on the edge- 
lighting system with wedge-shaped light guide plate for a 10.4-inch liquid crystal panel installed | 
in a dark room, and measurements were made for the surface brightness at a distance of 50 cm .vjjj 
from the surface of the light guide plate in a direction normal to the light exiting surface of the ?| 
light guide plate using a luminance meter (BM-8: product of Topcon Co.). The surface J 
brightness under transmission state (hereinafter referred to as transmission surface brightness) 3 

was measured by turning on the light of the cold cathode tube in the light guide plate. The £ 

■ »*i 

surface brightness under a reflection state (hereinafter referred to as reflective brightness) was .^gj 

measured by turning off the lights of the cold cathode tube in the light guide plate, and using an ^ 

inverter system fluorescent electric lamp [BS3171H: Mitsubishi Electric Co.] arranged at an |$ 

angle from the normal to the light guide plate of 30° and at a distance from the light source to the |j 

sample surface of 45 cm, and parallel to the cold cathode tube of the light guide plate, thus, -f| 

parallel to the recesses of the prism as well, and the reflective luminance was measured. ;| 

[0029] Working Example 1 A 

I 

A 10% aqueous solution of polyvinyl alcohol (PVA1 17: product of Kuraray Corp.) was coated | 

* onto a prism surface of a prism film BEFII90/50 [product of Sumitomo 3M Co.] having a cross- | 

section shape of a triangle having an apex of 90°C and distance between apexes of 50 fxm using a \ 

q 

glass bar, and water was evaporated to produce a polyvinyl alcohol layer. The coating process "3 
was repeated two times to produce a transmitting reflector. The cross-section view of the 
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transmitting reflector produced is shown in the optical photograph of Fig. 4, and as shown l^S 
meniscus-shaped PVA layer was formed, and the thickness at the lowest portion of the PVA 
layer was 2/3 or less of the height of the peak member of the prism. The reflectance and 
transmittance of the BEFII90/50 before coating of polyvinyl alcohol was 34.9% and 38.2%, 
respectively, and the sum of reflectance and transmittance was 73.1%. When the absorption by 
the polarizing plate is taken into consideration, the sum of reflectance and transmittance was 
greater than 100%. Furthermore, when measurements were made for the reflectance and 
transmittance of the transmitting reflector , values of 25.3% and 41.4% were achieved, 
respectively, and the sum of reflectance and transmittance was 66.7%. When the absorption by 
the polarizing plate is taken into consideration, the sum of reflectance and transmittance was 
greater than 100%. Furthermore, a light guide plate, the transmitting reflector produced, and a 
polarizing plate [SQ-1852A: product of Sumitomo Chemical Co., Ltd.] were laminated in the 
stated order in such a manner that the recesses of the prism of the BEFII90/50 were parallel to 
the cold cathode tube of the light guide plate and when measurements were made of the front- 
side transmission luminance and front-side reflection luminance, 252 cd/m 2 and 320 cd/m 2 were 
obtained, respectively. Furthermore, a light guide plate, the transmitting reflector produced, a 
polarizing plate, liquid crystal cell, and another polarizing plate were laminated and used as a 
semi-transmitting reflector type liquid crystal display; and a semi-transmitting reflector type 
liquid crystal display device with high front-side transmission luminance and high front-side 
reflection luminance was produced. 
[0030] Comparative Example 1 

The reflectance and transmittance of semi-transmitting reflector AS01 1 [product of Sumitomo 
Chemical Co., Ltd., light transmittance 31.1%] were 19.2% and 12.9%, respectively, and the 
sum of reflectance and transmittance was 32.0%. The sum of reflectance and transmission factor 
was less than 100% when absorption by the polarizing plate was taken into consideration. 
Furthermore, a light guide plate, the semi-transmitting reflector, and a polarizing plate were 



laminated in the stated order and when measurements were made for the front-side ti-ansmfeoB 
luminance and front-side reflection luminance, 152 cd/m 2 and 345 cd/m 2 were achieved, ^ 
respectively. 

[0031] Comparative Example 2 

In Working Example 1, coating of the BEFII90/50 with polyvinyl alcohol was omitted. The 
reflectance and transmittance of the BEFII90/50 measured according to Working Example 1 
were 34.9% and 38.2%, and the sum of the reflectance and transmittance was 73.1%. When 
absorption of the polarizing plate was taken into consideration, the sum of reflectance and 
transmittance exceeded 100%. Furthermore, a light guide plate, BEFII film and polarizing plate 
[SQ-1852A: product of Sumitomo Chemical Co., Ltd.] were laminated in the stated order in such 
a manner that the recesses of the prisms of the BEFII90/50 were parallel to the cold cathode tube 
of the light guide plate and when measurements were made for the front-side transmission 
luminance and front-side reflection luminance, values of 56 cd/m 2 and 74 cd/m 2 were obtained, 
respectively, and in comparison to AS01 1, reductions in front-side transmission luminance and 
front-side reflection luminance were observed. 
[0032] Working Example 2. 

Polyvinyl alcohol solution was coated three times and production of a transmitting reflector was 
achieved as in Working Example 1. When measurements were made of the reflectance and 
transmittance of the resulting transmitting reflector, values of 21.9% and 41.3% were achieved, 
respectively, and the sum of reflectance and transmittance was 66.7%. When absorption of the 
polarizing plate was taken into consideration, the sum of reflectance and transmittance exceeded 
100%. Furthermore, a light guide plate, transmitting reflector produced and polarizing plate 
[SQ-1852A: product of Sumitomo Chemical Co., Ltd.] were laminated in the stated order in such 
a manner that the recesses of the prism of the BEFII90/50 were parallel to the cold cathode tube 
of the light guide plate, and, when measurements were made for the front-side transmission 
luminance and front-side reflection luminance, values of 427 cd/m 2 and 486 cd/m 2 were 
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obtained, respectively. Furthermore, a light guide plate, the transmitting reflector produced, a 
polarizing plate, liquid crystal cell, and another polarizing plate were laminated and used as a 
semi-transmitting reflector type liquid crystal display, and a semi-transmitting reflector type 
liquid crystal display device with high front-side transmission luminance and high front-side 
reflection luminance was produced. 
[0033] Working Example 3 

Alumina fine particles [Sumi-Corundum AA03, product of Sumitomo Chemical Co., Ltd., mean 
diameter 0.3 ixm] were suspended in water and mixed with 10% solution of PVA to produce a 
solution of alumina fine particles:PVA:water=5:95:900 (weight ratio). The solution produced 
was then coated once onto the prism surface of the prism film as in the case of Working Example 
1 to produce a transmitting reflector. When measurements were made for the reflectance and 
transmittance, values of 19.9% and 41.2% were obtained, respectively, and the sum of the 
reflectance and transmittance was 61.1%. When absorption of polarizing plate was taken into 
consideration, the sum of the reflectance and transmittance exceeded 100%. Furthermore, a light 
guide plate, the transmitting reflector produced, and a polarizing plate were laminated in the 
stated order in such a manner that the recesses of the prisms of the BEFII90/50 were parallel to 
the cold cathode tube of the light guide plate and when measurements were made for the front- 
side transmission luminance and front-side reflection luminance, values of 371 cd/m 2 and 304 
cd/m 2 were obtained, respectively. Furthermore, a light guide plate, the transmitting reflector 
produced, polarizing plate, liquid crystal cell, and another polarizing plate were laminated and 
used as a semi-transmitting reflector type liquid crystal display, and a semi-transmitting reflector 
type liquid crystal display device with high front-side transmission luminance and high front- 
side reflection luminance was produced. 
[0034] Working JExample 4 

A diffusion film (diffusion factor 36.1%) was laminated onto the flat surface side of the 
transmitting reflector of Working Example 1 to form a transmitting reflector. Furthermore, a 
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light guide plate, the transmitting reflector, and polarizing plate [SQ-1852A: product of 
Sumitomo Chemical Co., Ltd.] were laminated in the stated order in such a manner that the 
recesses of the prism of the BEFII90/50 were parallel to the cold cathode tube of the light guide 
plate and when measurements were made for the front-side transmission luminance and the 
front-side reflection luminance, values of 296 cd/m 2 and 206 cd/m 2 were obtained, respectively. 
Among the transmitting reflectors produced, the front-side reflection luminance of Comparative 
Example 1 was the poorest in comparison to those of semi-transmitting reflector of prior art 
according to the aforementioned evaluation method, but when light from the fluorescent lamp 
enters from a direction not parallel to the recesses of the prism film, a front-side reflection 
luminance comparable to that of the transmitting reflector described in Working Example 1 was 
achieved. When the transmitting reflector obtained was laminated in the order of light guide 
plate, transmitting reflector, light guide plate, liquid crystal cell, and polarizing plate and used as 
a semi-transmitting reflector type liquid crystal display device, a semi-transmitting reflector type 
liquid crystal display device with high front-side transmission luminance and high front-side 
reflection luminance was produced. 
[Brief description of figures] 

[Fig. 1] Semi-transmitting reflector of the prior art. 

[Fig. 2] Transmission and reflection states for light incident on the surface having peaks 
and valleys without a resin layer. 

[Fig. 3] Example of the transmitting reflector film having a resin layer on the surface 
having peaks and valleys of the present invention and light transmission and reflection state. 
[Fig. 4] An embodiment of the transmitting reflector of a working example of the present 

invention shown as a cross-section view observed by an optical microscope. 
[Explanation of codes] 

(a) : Locus of light transmission from rear 

(b) : Locus of incident light from the surface side 



4 
1 



-23- 
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Key: 

1 : Viewer 

2: Viewing side 

3: Reflection state 

4: Liquid crystal panel 

5: Semi-transmitting reflector 

6: Particle 

7: Light guide plate side 
8: Transmission state 
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[Fig. 2] 
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1 : Viewer 

2: Reflection state 

3: Light guide plate side 

4: Transmission state 
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